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Abstract: Zinc oxide nanoparticles gained the attention of
researchers due to their physical and chemical properties.
Antimicrobial activity is an important factor to focus on these
metal oxide nanoparticles. Zinc is an important micronutrient for
plants and humans. The deficiency of Zinc in crops is a big
problem worldwide, which indirectly affects humans. Large
amounts of inorganic fertilizers creating environmental problems
along with health issues. To overcome these problems researchers
are focusing on the development of nano fertilizers with additional
benefits. Green method based synthesis of metal oxides is an eco-
friendly and cost-effective method. In this review article, we
discussed the current status of zinc oxide nanoparticles and their
applications, especially in the agriculture sector.

Index Terms: Zinc oxide, Nanoparticles, Nano fertilizer,

Conventional fertilizer, Antimicrobial.

L INTRODUCTION

Nanotechnology is a modern material science which is
rapidly developing in the last few years. Nanotechnology is the
engineering at the scale of atoms and molecules and their
manipulation to develop new tools. Nanomaterial has special
properties over the bulk. Nanoparticles are very small
structures, which have dimensions less than 100 nm (Li et al.,
2011). Various properties like surface area, size, thermal
conductivity, catalytic reactivity, optical properties (Agarwal et
al., 2017) of metal oxide nanoparticles attracting researchers to
develop new tools and techniques in different scientific fields.

To fulfil the need of a large population of the world forced
the agricultural sector to increase productivity. Nutrient
deficiency in soil affects farmers economically and decreases
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the quality and quantity of crops for human beings and pet
animals (Solanki ef al., 2015). Chemical fertilizers work as
double edge swords because it increases the production of crops
while on the other side it disturbs the chemical contents of the
soil and decreases soil fertility along with polluting
groundwater. That is why chemical fertilizer is not a good
option for long term practices of agriculture (Solanki et al.,
2015).

Nanotechnology provides many ways for the cost-effective
production of physiologically important metal nanoparticles
like Zinc oxide. These nanoparticles were utilized for the
formulation of fertilizer called nano-fertilizer. Plants can uptake
nanoparticles more efficiently with minimum loss.
Nanoparticles have a small size, large surface area, targeted
delivery and controlled release kinetics makes them a perfect
delivery system. It has been reported that nano-fertilizers play
an important role in the rate of seed germination, seedling
growth, photosynthesis, nitrogen metabolism, and biomolecule
synthesis (Solanki et al., 2015).

Zinc is an essential micronutrient for the human, it
participates in the activities of enzymes like carbonic
anhydrase, alcohol dehydrogenase and carboxypeptidase, it
also involves in other physiological functions of eukaryotes
(Jansen et al., 2009; Maremanda et al., 2014). Zinc is an
important micronutrient that participates in plant growth, it is
an essential component involved in metabolic reactions.
Symptoms of Zinc deficiency vary according to plant species
but band striped and yellow leaves are the common symptoms.
The deficiency of Zinc can lead to significant decreases in crop
productivity and nutritional quality. Zinc deficiencies may be
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present in up to 50% of the world’s crop soils (University of
Minnesota: Zinc for crop production). When nanoparticles are
used as nano fertilizers, they can be easily absorbed and
translocate in plant cells, which increased the effectiveness of
fertilizers (Carpita et al., 1979; Remya et al., 2010). Lin and
Xing (2008) reported the translocation of zinc oxide
nanoparticles up to the shoots from the roots in ryegrass. Along
with it, ZnO nanoparticles show greater potentials against
different plant pathogens. It is proved that ZnO nanoparticles
can work as anti-bacterial agents, as fungicides and as an
insecticide (Al-Dhabi et al., 2018; Sirelkhatim et al., 2015).
This review article will provide information regarding the
fundamental concepts of nanotechnology, nanoparticles, ZnO
nanoparticles and their applications, specific in agriculture.

IL. NANOTECHNOLOGY AND NANOPARTICLES

The concepts of Nanotechnology were first given by
physicist Richard Feynman in his talk There's Plenty of Room
at the Bottom in 1959. He described that the synthesis of
nanoparticles is possible through the manipulation of atoms. He
said that “Nanotechnology mainly consists of the processing of
separation, deformation and consolidation of material by one
atom or by one molecule”. With the concept of Feynman, in
1986, K. Eric Drexler used the term “nanotechnology” in his
book Engines of Creation: The Coming Era of Nanotechnology.
The term “Nanotechnology” was first given by Norio Taniguchi
in 1974 (Goswami et al., 2017). The word 'nanotechnology' was
popularized by scientist “K. Eric Drexler” in 1980. He has
discussed the concept of development machines on the
molecular scale-like development of motors, robots in the
nanometer range.

A particle under the 1 to 100 nanometer in diameter is called
a nanoparticle. The term is also used for bigger particles or
fibres and tubes which are less than 100 nm with 2D. Particles
less than 1 nm are referred to as atom clusters. Nanoparticles
have differed from microparticles, fine particles and coarse
particles because their smaller size nanoparticles exhibit
different physicochemical properties (Vert et al., 2012; U.S.
Environmental Protection Agency). 1 to 1000 nm nanoparticles
are very small which are not visible under the light microscope,
so we required the electron microscope to see these particles.
Due to this reason, the suspension of nanoparticles can be
transparent, besides it, the solution of larger particles can be
able to scatter some visible light. Nanoparticles cannot be easily
separated from the solution through common filters; it requires
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a unique nanofiltration technique (Chae et al., 2003; Jean et al.,
2011).

Nanoparticles possess shape and size associated properties.
These properties were provided with a wide range of
applications as catalysts, antimicrobial agents, chemical
sensors, electronics and many more (Tan ef al., 2006; Lee et al.,
2008; Pissuwan et al., 2006).

I1I. TYPES OF NANOPARTICLES
Nanoparticles are different types depending upon size,
morphology, chemical and physical properties. The major are-
Carbon-based nanoparticles, Metal nanoparticles,
Semiconductor nanoparticles, Polymeric nanoparticles, lipid-
based nanoparticles.

A. Carbon-Based Nanoparticles

Carbon-based nanoparticles consist of the strong bonding of
carbon to carbon atoms like Carbon Nanotubes and Fullerenes.
Rolled graphene sheet used to make Carbon NanoTube. This
material was used to build the strongest structure constructions.
As compare to steel, CNT based structures are stronger. CNTs
generally are two types, single and multi-walled. CNTs have
special thermal properties is thermally conductive along the
length. Fullerenes are the allotropes of carbon that form hollow
cages of 16 or more carbons. For example, football-shaped
structure C-16 is called Buckminster-fullerene. The
arrangement of carbon in this structure is pentagonal and
hexagonal. Fullerenes have special properties like electrical
conductivity, electron affinity and high strength makes them
commercially applicable (Saeed and Khan, 2016, 2014).

B. Metal Nanoparticles

Metal precursors are used for the production or synthesis of
metal nanoparticles. Metal nanoparticles can be synthesized
through chemical, physical and biological or green methods.
These particles have a small size and large surface area, so they
can be easily able to adsorb small molecules on their surface.
These nanoparticles have a vast range of applications in
different areas of research like medical, biotechnology,
electronics etc. Gold nanoparticles are used for the coating of
samples before analysis under an electron microscope to get
high-quality images (Dreaden et al., 2012; Khan et al., 2019).
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Figure 1. Types of Nanoparticles.

C. Semiconductor Nanoparticles

Semiconductor nanoparticles have properties of both
metallic and nonmetallic. These particles have a special
property that is a wide bandgap. They have chemical and
physical properties different for their bulk or atomic structure.
Semiconductor nanoparticles have wide applications in
research, agriculture and in electronics. ZnO, ZnS, CdS, CdSe,
GaN, Silicon, Germanium are the few examples of
semiconductor nanoparticles (Ali et al., 2017; Khan et al,
2017a; Sun, 2000).

D. Polymeric Nanoparticles

Organic Polymer-based nanoparticles, which have different
structures based on their preparation methods. The most usable
structural form of these nanoparticles is nanocapsule and
nanosphere. These structures are used in the protection of drug
molecules, in imaging, targeting, and controlled release
mechanisms. Polymeric nanoparticles are highly biodegradable
and biocompatible (Mansha ez al., 2017).

E. Lipid-Based Nanoparticles

Lipid nanoparticles are two-layered; one is core and another
matrix. The core is made up of Lipids and matrices made by
lipophilic molecules. Structurally these particles are spherical
with a diameter of 10 to 100 nm. These particles have a vast
range of applications in biomedical fields like drug delivery
agents, cancer therapy and many more (Rawat et al., 2011; Puri
et al., 2009).
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Iv. PROPERTIES OF NANOPARTICLES

A. Large surface area and small size

It is the most important property of nanoparticles. The large
surface area provides a platform for the attachment of
molecules of interest and small size makes nanoparticles
movable across or through the narrowest space. Due to these
properties nanoparticles are applicable in medical sciences and
research.

B.  Optical properties

Nanoparticles often produce quantum effects which is the
unexpected optical property. As an example, gold nanoparticles
in colloidal solution appear deep red to black. Gold
nanoparticles have a lower melting point as compare to gold
slabs. Material with nanoparticles used for solar plate
production provides better absorption of solar radiation.
(Mufune et al., 1917; Kelly et al., 2005; Lu et al., 2007).
Nanoparticles produce an extinction band in UV -visible
spectroscopic analysis, which is not produced by a bulk. This
situation is appearing when constant incident photon frequency
excites conduction electrons collectively, known as localized
surface plasmon resonance (LSPR). The wavelength of the peak
of LSPR depends upon the size, shape, particles distance along
with its local environment like the nature of solvent, substrate
and adsorbents (Eustis and El-Sayed, 2006).

C. Thermal properties

The thermal conductivity of nanoparticles is higher than
fluid having solids. The large increase in surface energy and the
changes in intra-atomic spacing as a function of nanoparticle
size have a marked effect on material properties. For instance,
the melting point of gold/silver particles, which is a bulk
thermodynamically characteristic, has been observed to
decrease rapidly for particle size less than 10 nm (Kelsall et al,
2005).

D. Magnetic properties

A previous study showed that nanoparticles under the size
of 10 — 20 nm possess maximum properties and perform well.
In this size range the manganic properties of nanoparticles
appear perfectly and make it more applicable (Faivre and
Bennet, 2016; Priyadarshana et al, 2015; Reiss and Hutten,
2005; Zhu et al, 1994). The distribution of nanoparticles
unevenly leads to this property; the magnetic property of
nanoparticles depends on the type of synthesis. Methods like
co-precipitation, microemulsion, thermal decomposition,
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solvothermal can be used for their preparation (Qi et al., 2016;
Wu et al., 2008).

E.  Mechanical properties

Hardness, strain, adhesion and friction are the parameters
to know about the mechanical properties but in the case of
nanoparticles coagulation, coating and lubrication are also
counted in mechanical properties and these are the size-
dependent properties of nanoparticles (Guo et al., 2014).

Optical

Properties

Mechanical
Properties

Figure 2. Properties of Nanoparticles.

V. ZINC OXIDE NANOPARTICLES

Zinc oxide is a non-hygroscopic, nontoxic, crystalline,
semiconductor metal oxide and a versatile inorganic material
with broad applications. ZnO has unique chemical, optical and
electromagnetic properties. It can be characterized by a UV-
visible spectrophotometer which shows a large energy band gap
that is 3.37 eV and binding energy (60 MeV) at room
temperature (Wang et al., 2004; Wang et al., 2006; Janotti et
al., 2009; Zhang et al., 2012).

Zinc oxide nanoparticles have various applications in
agriculture, material science, medical, food industry and others
(Siddiqi et al., 2018). ZnO nanoparticles have very good
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antimicrobial activity, due to this reason it has become an
interesting topic in agriculture nano-biotechnology to develop
nanoparticles based nano fertilizer, fungicides and bactericides.
Zinc is also an important micronutrient in plants. The
deficiency of zinc in plants restricts the proper growth of plants.
Semiconducting, piezoelectric and piezoelectric properties of
the zinc oxide nanoparticles make it versatile in applications
(Akhter et al., 2011; Sasidharan et al., 2013).

Oxygen atom Zn atom

C = 5207A

Figure 3. Tetrahedral structure of ZnO (Agarwal et al., 2017).

VL BIOSYNTHESIS OF NANOPARTICLES

Two major approaches employed for the synthesis of
nanoparticles are the “Top-down” and “Bottom-up ” approaches
(Wang and Xia, 2004). These approaches have different
protocols depending upon types of material, operation and
reactions. In the “Top-down” approach large molecules
decompose into small molecules or units. These units’ converts
into Nano-sized particles. This approach includes grinding,
milling, chemical vapour deposition, physical vapour
deposition method etc. In the “Botfom-up” approach
nanoparticles formed from the simplest unit of the material, that
is why this technique is called a building up approach.
Sedimentation and reduction techniques are examples of this
approach including chemical and biological synthesis, sol-gel
synthesis etc. The properties of nanoparticles can be varying
according to their morphology. Different methods are used to
synthesize morphologically different nanoparticles or
structures, which are divided into three categories are Physical,
chemical and biological methods.
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In the Physical method, application of physical forces to
reduce large particles into small particles, these structures are
stable and well defined. In chemical approaches, different
chemicals are used to synthesize nanoparticles. These methods
are fast and controllable, but chemicals create environmental
pollution when they are discarded. A variety of different
physical and chemical methods have been used to synthesize
nanoparticles such as sol-gel, co-precipitation, hydrothermal,
electrospray, ultrasonic radiation, laser chemical method, sonic
state method, ultraviolet irradiation, lithography, laser ablation
etc. (Din and Rani, 2016; Khandagale and Shinde, 2017; Krol
et al., 2017; Thakkar et al., 2010).

A.  Green method

Journal of Scientific Research, Volume 65, Issue 5, 2021

Biological or Green methods involve the use of plants,
bacteria, fungi, algae to synthesize nanoparticles. This approach
is eco-friendly and cost-effective requires very a lower amount
of energy to initiate the process (Dahoumane et al., 2016; El-
rafie et al., 2013; Husen et al., 2014; Khan et al., 2015; Patel et
al., 2015; Siddiqi et al., 2016; Wadhwani et al., 2016).

Various bacterial strains can reduce metals that were utilized
to synthesize metal oxide nanoparticles (Iravani et al., 2014).
Bacillus, Escherichia is the most utilized species to synthesized
Gold, Silver and Iron metal nanoparticles (Sukar et al., 2012;
Shivaji et al., 2011; Korbekandi et al., 2012; Southam et al.,
1994; Wen et al., 2009; Konishi et al., 2007; Philips et al., 2002;
Mann et al., 1984). Shamsuzzaman et al., 2014 synthesized
ZnO nanoparticles of 20-30nm using live culture of Bacillus
subtilis (Table 1).

Synthesis of
MNanoparticles

v

Top down
Approach

L—I v

Green Methods

Laser ablation
Chemical etching

Y

Bottom up
Approach

v

Chemical vapor deposition
Sol-gel process

Mechanical milling

N

Sputtering Through Plants
Electro-explosion (Extract or
biomass of
parts)

Spray pyrolysis

Through Atomic condensation
Microbes || parosolprocess
(Bacteria, Fungi,
Algae, Yeast)

Figure 4. Different approaches for the synthesis of nanoparticles.

Fungi mediated biosynthesis of metal nanoparticles were
reported. Intracellular enzymes of fungi can reduce bulk
material. Fungi can synthesize large amounts of nanoparticles
compared to bacterial mediated synthesis. Fungi can synthesize
nanoparticles intracellularly and extracellularly. Silver, Gold
and Zinc nanoparticles were synthesized successfully through
Aspergillus, Fusarium, Penicillium and many other genera,
Table. 2 (Mittal et al., 2013; Dwivedi et al., 2010; Jha et al.,
2009; Binupriya ef al., 2010; Ahmad et al., 2005; Raliya et al.,
2014).
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Plants have a variety of phytochemicals that can reduce and
stabilize metal nanoparticles. The utilization of plant extracts to
synthesize nanoparticles is the simplest, effective and eco-
friendly approach. Initially, silver and gold nanoparticles were
synthesized through different plant extracts for example Neem,
Lemon, Mustard, Coriander, Tulsi, Lemongrass, Garlic and
many more. According to the literature, spherical and
crystalline morphologies containing metal nanoparticles were
formed with different plant extracts. Nanoparticles of different
shape sizes were formed through different plant extracts. The
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optimization of nanoparticles production is possible through the
manipulation of pH, temperature, substrate concentration and
other parameters.

Synthesis of ZnO nanoparticles through different plant
extracts was done by many researchers. Most of the work on
ZnO nanoparticles was carried out in recent years. For example,
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Green tea, lemongrass, Olive, rose etc. plants were used for the
synthesis of ZnO nanoparticles (Table 3). Both Zinc acetate and
Zinc nitrate were used as substrates. The average size of
nanoparticles lies between 30 to 50 nm and most ZnO
nanoparticles are spherical.

Figure 5. Easy four steps process of plants mediated green synthesis of Zinc oxide nanoparticles.

Table 1. List of bacterial strains used for the synthesis of ZnO nanoparticles.

S.No. Name of bacterial strain Size (nm)
1 Lactobacillus sporogenes 15-May
2 Rhodococcus pyridinivorans 100-120
3 Aeromonas hydrophila 42-64
4 Pseudomonas aeruginosa 35-80
5 B. licheniformis 40-400
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Morphology
Hexagonal
Hexagonal
Spherical, oval

Spherical

Nanoflower

Reference
Prasad et al., 2017

Kundu et al., 2017

Jayaseelan et al., 2012

Singh et al., 2014

Tripathi et al., 2014
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6 Serratia ureilytica 170-250 Spherical Vitor et al., 2015

7 Bacillus subtilis 25 Quasi spherical Shamsuzzaman et al., 2014

Table 2. List of fungus and algal strains used for the synthesis of ZnO nanoparticles.

S.No. Name of Fungi and Algae Size (nm) Morphology Reference
1 Aspergillus fumigatus 60-80 Spherical Rajan et al., 2016
2 Aspergillus terreus 54-83 Spherical Chandrasekaran et al., 2016
3 Candida albicans 15-25 Hexagonal Shamuzzaman et al., 2013
4 Aspergillus strain 50-120 Spherical Pavani et al., 2012
5 Aspergillus fumigatus TFR-8 7-Jan Spherical and hexagonal Raliya et al., 2013
6 Chlamydomonas reinhardtii 55-80 Nanorod, Nanoflower Rao et al., 2016
7 S. myriocystum 20-36 Spherical, radial Nagarajan et al., 2013
8 Sargassum muticum 30-57 Hexagonal Aziziet al., 2013

Table 3. List of plants used for the synthesis of ZnO nanoparticles.

S.No. Plant name Size (nm) Morphology References
1 Aegle marmelos (Indian bael) 18 t0 20 Spherical Fowsiya et al., 2019
2 Albizia lebbeck (Stem bark) 66.25to 112 Irregular, Spherical ~ Huzaifa et al., 2020
3 Artocarpus gomezianus (Jackfruit leaf) 11.53 - Suresh et al., 2015
4 Camellia sinensis (Green Tea) 853 Irregular Rajesh et al., 2015
5 Camellia sinensis (Green Tea) 16 Spherical Senthil kumar et al., 2014
6 Carica papaya 114 to 168 Irregular Droepenu et al., 2019
7 Cathar anthusroseus (Pink periwinkle) 50.73 Spherical Monika et al., 2018
8 Costus pictus (Insulin plant) 20 to 80 Spherical, Joghee et al., 2018
Hexagonal
9 Garcinia mangostana (Mangosteen) 5to45 Spherical Mod. Aminuzzaman et al., 2018
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10 Gigantic swallow-wort plant 28.38
11 Hibiscus sabdariffa (Roselle leaf) 12-46
12 Laurus nobilis (Bay) 21.49 to 25.25
13 Lawsonia inermis (Mehndi) 1to75
14 Lemongrass 85-95
15 Maple leaf (Acer species) 5t020
16 Mentha piperita 20 to 40
17 Moringa oleifera (Drumstick) 24,52
18 Musa acuminata (Banana leaf) 40

19 Olea europaea (Olive) 20-50
20 Petroselinum crispum (Parsley) 50, 40
21 Rosa indica (Rose) 10

22 Sageretia thea 28.09
23 Scadoxus multiflorus (Blood lily) 100

24 Solanum torvum (Turkey berry Leaf) 34 t0 40
25 Spathodea campanulata (Tulip tree) 20 to 25
26 Trachyspermum ammi (seed) 41
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Pankaj et al., 2015

Spherical Niranjan et al., 2015
Spherical Shabnam et al., 2019
Hexagonal Hrishikesh et al., 2018

Irregular, Spherical
Irregular

Quasi-spherical

Tushar et al., 2017
Singaravelu et al., 2014

Anbuvannan, 2017

Spherical Elumalai et al., 2015; Pal et al.,
2017

Irregular Ashwath et al., 2019

Spherical Elafetal., 2019

Spherical Shirin et al., 2018

Spherical Amrita et al., 2018

Spherical Noluthando et al., 2017

Spherical, Irregular

Naifetal, 2018

Spherical Kenneth et al., 2019
Spherical Ochieng et al., 2015
Hexagonal, Saravanak kumar et al., 2016
Irregular

B.  Characterization of nanoparticles

Characterization of synthesized nanoparticles involves the
analysis of their size, shape, surface area, chemical
compositions, purity, solubility etc. Initially, to get
confirmation about the synthesis of nanoparticles, usually, UV-
Vis Spectroscopy and X-ray Diffraction are considered, by
which researchers can easily get the idea about the particles
concentration and their size. But to confirm the exact size and
the shape of particles, electron microscopy (Scanning Electron
Microscopy, Transmission Electron Microscopy) is a must; it
provides the image of particles. Atomic Force Microscopy is
another option to get the data about particle size and density; it
provides a better resolution picture by the scanning of samples
using a probe. Zeta Potential Analyzer is used to detect the
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charges present on the particle's surface, which provides better
dispersion to particles in liquid solution. Fourier Transform
Infra-Red microscopy gives the knowledge about functional
groups present along with the particles, which were participated
in the synthesis of nanoparticles. Energy Dispersive X-ray
analysis is used to know about the molecular content of the
samples. These are the major techniques that are generally used
to characterize metal and semiconductor nanoparticles.

VII. APPLICATIONS OF ZnO NANOPARTICLES
Zinc oxide nanoparticles have a vast range of applications

in different areas. The UV filtration property of ZnO
nanoparticles makes it useful for the cosmetic industry in the

142



manufacturing of sunscreen lotion and similar products (Wodka
et al., 2010). ZnO nanoparticles are widely applicable in the
biomedical area like in drug delivery, in anti-cancer treatments,
anti-diabetic, used as an antifungal and antibacterial agent
(Jiang et al., 2018; Carmona et al., 2018). Zinc oxide
nanoparticles are also applicable in Agriculture as nano-
fertilizer and as anti-plant pathogenic agents (Sangani et al.,
2015; Hameed et al., 2016; Movahedi et al., 2014; Martinkova
et al., 2009; Jain et al, 2013). Studies have very clearly
explained the antibacterial, antifungal and insecticidal
properties of zinc oxide nanoparticles (Shah and Towkeer,
2010). (Aruoja et al., 2009; Huang et al., 2006; Sharma et al.,
2009).

In Agriculture

Micronutrients and micronutrients are required for the
growth of plants. After absorption of particles in the plant cell,
nutrients are translocated to the different sites. Zinc is a major
macronutrient in plants and is also an important element in
human food. Various recent studies showing the utilization of
Zinc oxide nanoparticles as Nano fertilizers on various crops
(Sabir et al., 2014). The colloidal solution of ZnO nanoparticles
was applied which promotes seed germination and plant growth
along with improvement in nutrition qualities (Prasad et al.,
2012). Zinc oxide nanoparticles also show anti-microbial
properties, when applying the Zinc oxide nanoparticles as nano
fertilizer they can also work as an anti-plant pathogenic agent,
providing dual benefits to the plants or crops.

The suitable mode of application of fertilizers depends upon
the amount of fertilizer reaching the plants. Truly, very less
amount of fertilizers reached the plant as their need due to
evaporation, runoff, hydrolysis and many other factors are
responsible for this situation. Approximately on average around
70% of NPK of conventional fertilizer could not reach the
plants (Alfaro et al., 2008). Due to this reason, farmers cannot
get the full benefits of the money which they spend on fertilizer,
which is a big economic loss for the farmers as well as for the
country (Trenkel 1997; Ombodi and Saigusa 2000). The
overuse of fertilizers and pesticides affects the soil nutritional
balance along with environmental pollution. The excess use of
fertilizer and pesticides reduces plants’ ability against
pathogens and pests (Tilman et al., 2002). To overcome all
these problems, it is necessary to optimize the use of chemical-
based fertilizers and pesticides (Miransari 2011; Solanki ez al.,
2015).

The utilization of nanotechnology to modify agriculture
practices. The fertilizer and anti-plant pathogenic agents in
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nanosize provide controlled and site-specific delivery. A
controlled way of delivery of fertilizer and pesticides gives the
fastest results; Nanoencapsulation provides controlled and slow
delivery of nano fertilizer which is more effective, cheaper and
ecofriendly (Shang et al, 2019). Table 4, differentiated the
nano-fertilizer and conventional fertilizer.

Table 4. Conventional fertilizers vs. nano-fertilizer (Cui et al. 2010;
Priyanka et al., 2015).

Parameters Nano-fertilizer Conventional
fertilizer

Solubility Higher Lower

Dispersion  of | Improved Lower

micronutrients

Stability in Soil | Low Higher

Bioavailability | Higher Lower

Nutrient’s Increased ratio Lower uptake

uptake

Controlled Controlled release | Excess  release

release rate rate

Duration of | Extended Used by the plant

release and rest is
converted into an
insoluble form
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Loss rate Reduced Higher

Nanotechnology is used to modify agriculture practices. The
fertilizer and anti-plant pathogenic agents in nanosize provide
controlled and site-specific delivery. A controlled way of
delivery of fertilizer and pesticides gives the fastest results;
Nanoencapsulation provides controlled and slow delivery of
Nano fertilizer which is more effective, cheaper and eco-
friendly. ZnO nanoparticles affect the growth of Cicer
arietinum and Vignaradiata (Mahajan et al., 2011). When the
colloidal solution of 1.5 ppm of zinc oxide is applied through
foliar spray on chickpea seedling, gives a positive effect on
seedling growth (Burman ef al., 2011). In a recent study, which
was conducted by the Polytechnic University of Madrid and the
National  Institute  for  Agriculture  Research  and
Experimentation (INIA) on the effect of ZnO nanoparticles on
agriculture. They studied the effects of zinc oxide nanoparticles
on Tomato and Bean plants. These effects depend on the type
of crop, exposure time and pH of soil. The results seem good;
ZnO nanoparticles do not pose toxicity risks and have good
fertilizing properties (Garcia-Gomez et al., 2018).

There are different methods to deliver nano-formulations in
the form of fertilizer or anti plant pathogenic agents. Methods
depend on the culture or medium conditions of the plants. There
are in-vitro and in vivo methods to deliver nano-formulations
are —

In vitro methods

Aeroponics - In this technique (as their name Aero means in
Air), plant roots are open in a controlled gaseous environment,
the nutritional solution of media is applied through spraying.
This technique is not easy to set up because it requires a high
quality of nutrition and a controlled environment.

Hydroponics -In this technique, plants are grown in liquid
culture, the roots of plants immersed in it. This liquid culture
provides all the required nutrition required by the plants.
Pathogens and high moisture conditions are the major
drawbacks of this technique.

In vivo Methods

Soil Application-This is the most common technique. In this
technique simply soil is used to cultivate plants. All required
nutrition is provided through the soil to plants. The quality of
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soil also affects the growth of plants there also requires all
essential elements like N, P, K. This technique is widely
accepted because it provides a long run for the application of
organic or inorganic fertilizers (Taiz and Zeiger 2010; Solanki
etal., 2015).

Foliar Application - In this technique, required nutrition is
provided to the plants through spraying on plants leaves. This
technique is generally used to deliver trace elements like Zinc
and Iron. If we provide these kinds of trace elements through
soil then there are higher chances of disturbance, because these
nutrients can be absorbed by the soil and they will unable to
reach the root system (Solanki et al., 2015; Banotra et al.,
2017).

CONCLUSION

It is expected that the study on Zinc oxide nanoparticles in
agriculture will provide a good nano-fertilizer and anti-
phytopathogenic agent which will be suitable for all crops from
each aspect like reducing the utilization of chemical-based
fertilizer, provide better productivity by improving the rate of
germination, seedling growth and nutritional values along with
the protection from pathogens. The green method is a cost-
effective and easily available source-based method for the
synthesis of ZnO nanoparticles; it also reduces the cost of
commercial production of ZnO nanoparticles. It is expected that
future studies will also be clear about any nano-toxicity and any
genetic changes in crops or plants due to the sequestration of
ZnO nanoparticles and their effect on human health.
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